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SUMMARY 

An investigation of the s t a t i c  longitudinal and l a t e r a l  s t a b i l i t y  
character is t ics  of models of t w o  possible re-entry vehicles has been made 
a t  a Mach number of 2.2. Both models were circular  i n  plan form with 
e l l i p t i c  cross sections. One model ha6 a thickness-diameter r a t i o  of 
0.325 and a symmetrical section while the other had a thickness-diameter 
r a t i o  of 0 -225, with 2-1/2-percent negative camber. m 

Both basic shapes were longitudinally unstable about a center of 
gravity a t  40 percent of the diameter from the leading edge. 
horizontal-control surfaces, ve r t i ca l  s tabi l iz ing surfaces, and a canopy 
provided s t a t i c  longitudinal and direct ional  s t a b i l i t y  and posit ive 
dihedral e f fec t .  

Addition of 

INTRODUCTION 

The design of a space vehicle capable of re-entering the earth's 
atmosphere involves many compromises t o  cope with the problems of aero- 
dynamic heating, s t a b i l i t y  and control, vehicle performance, etc. ,  while 
maintaining adequate usable volume. 
nonlift ing vehicles have been considered and the result ing shapes have 
been extremely varied (e .g., see re fs .  1 through 4) .  
the l if t ing-type vehicle i s  espec iauy  a t t rac t ive .  
receiving consideration i s  the len t icu lar  shape. 

and reduce heating; then, as the velocity decreases and the high heating 
period is  passed, the angle of a t tack would be reduced and the vehicle 
would enter a gliding phase. It i s  intended tha t  the vehicle w i l l  be 
landed by more-or-less conventional techniques. 

As a re su l t ,  both l i f t i n g  and 

For manned f l i gh t ,  
One such vehicle 

This vehicle would enter 
a the  atmosphere a t  a high angle of a t tack (50' t o  goo) t o  produce high drag 

I 

Ti t le ,  Unclassified 8 
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It was recognized that control in low-speed flight could be a problem 
for the unorthodox disk-shaped vehicle- Accordingly a study was conducted 
in the Ames 12-Foot Wind Tunnel of this phase of the flight regime of such 
vehicles (refs- 5 and 6). 
sufficiently promising to warrant some study at supersonic speed and are 
the subject of the present investigation. These shapes were circular in 
plan form with elliptic cross sections and incorporated control and stabi- 
lizing surfaces at the rear of the vehicle and a canopy. 
thickness-to-diameter ratio of 0-325 and a symmetrical section, whereas the 
other had a thickness-to-diameter ratio of 0.225 and 2-1/2-percent negative 
camber. Static longitudinal and lateral stability and longitudinal-control 
characteristics were determined for a Mach number of 2.2 at a Reynolds num- 
ber of 4~l-O" based on the plan-form diameter. Previous test results for 
uncambered circular disks have shown stable trim points at high angles of 
attack at transonic and supersonic speeds (refs. 7 and 8). Lower angles 
of attack are more appropriate to this speed regime for such vehicles so 
the present study was confined to angles of attack less than 24'. 

Out of this study two particular shapes appeared 

One model had a 

NOTATION 

The results are presented in standard coefficient form. Lift and 
drag coefficients are referred to the wind axes; all other aerodynamic 
coefficients are referred to the body axes. 
a point in the longitudinal plane of symmetry on the major axis of the 
elliptical cross section 0.40.diameter aft of the leading edge. The 
reference area in each case is the plan-form area of the particular config- 
uration (including the area of the horizontal-control surfaces where 
appropriate) I 

All moments are referred to 

cD 
drag coefficient, - drag 

qs 

lift lift coefficient, - 
qs CL 

CY 
side force side-force coefficient, 

qs 

r o l l i n g  moment 
qM 

C 2  rolling-moment coefficient, 

pitching moment pitching-moment coefficient , 
qsa c, 

yawing moment Cn yawing-moment coefficient, 
¶.sa 

d diameter 
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lift -drag rat io 

free-stream Mach number 

free-stream dynamic pressure 

Reynolds number, - PVd 
P 

radial distance from center of model 

plan-form area of model (including horizontal-control surface 
area where appropriate) 

maximum thickness-to-diameter ratio 

free-s t ream veio c it y 

vertical distance from chord plane 

angle of attack, measured with respect to the chord plane 

angle of sideslip 

horizontal- control surface deflection 

free-stream density 

free-stream viscosity 

APPARATUS AND MODELS 

The experimental investigation was conducted in the Ames 6- by 6-~oot 

Drawings of the models are 
Supersonic Wind Tunnel which is of the closed-circuit variable-pressure 
type with a Mach number range from 0-7 to 2.2. 
presented in figure 1, and photographs of the models are shown in figure 2. 
The basic shapes were circular in plan form with thickness-to-diameter 
ratios of 0.325 and 0.225 referred to herein as the "thick" model and the 
"thin" model, respectively. Both models had elliptic profiles; however, 
the thick model had a symmetrical profile while the thin model had 2-1/2- 
percent negative camber. 
about the minor axis the elliptic sections defined by the coordinates given 
in table I. 

"he basic shapes were generated by revolving 

The models used in the present investigation were identical 
to two of those reported in 6. 
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The horizontal-control surfaces were thick flat plates extending 
radially from the trailing edge of the basic disks as shown in figure 1. 
Each set of control surfaces consisted of two inboard and two outboard 
surfaces. The circumferential extent of the outboard surfaces was changed 
to provide control surfaces of two different sizes (fig. l(a)). The total 
area of the horizontal-control surfaces was either 20 or 25 percent of the 
plan-form area of the basic disks.. 
normal to radial lines of the disk at the centers of the respective 
controls. 

The hinge lines of the controls were 

The vertical stabilizing surfaces for each model consisted of two 
constant thickness triangular shapes with rounded leading edges swept 
back 670- 
of the basic disk, giving a total eqosed area of 11 percent of the plan- 
form area. 
approximately the same on both models, the exposed span of the vertical 
surfaces on the thick model was slightly larger (fig. 1). 

Each vertical surface was 5-1/2 percent of the plan-form area 

Sn order to keep the exposed area of the vertical surfaces 

Details of the model canopies are shown in figure 3. Identical 
canopies were used f o r  both models. 
rear o f  the models to accommodate the support sting. An internal six- 

on the models, 

A sma l l  fairing was utilized at the 

component strain-gage balance was used to measure the forces and moments r: 

TEST AND PROCEDUIZFS 

Measurements of the static longitudinal and lateral-directional 
aerodynamic characteristics of the models were made at a Mach number of 
2-2 f o r  a Reynolds number of 4 million based on the diameter of the models. 
The angle-of-attack and angle-of-sideslip ranges were from -6O 80 +22O and 
the horizontal-control surface deflections were from -10' to +5 . 

Stream Variations 

Surveys of the stream characteristics of the wind tunnel have shown 
that essentially no stream curvature exists in the vicinity of the model 
and that the axial static-pressure variations are less than 1 percent of 
the dynamic pressure. Tnerefore, no corrections for stream curvature or 
static-pressure variations were made in the present investigation. The 
data have been corrected to take account of the stream angles in the 
vertical plane along the tunnel center line measured in these surveys. 
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Support Interference 

L 

Interference from the s t ing support on the aerodynamic character is t ics  
of the models w a s  considered t o  consist primarily of a change i n  the pres- 
6ure a t  the base of the model. Accordingly, the s t a t i c  pressures within 
the  balance cavity of the  models were measured and. the drag data were 
adjusted t o  correspond t o  free-stream s t a t i c  pressure within the cavity 
and on the base of the annulus o f  the model fa i r ing  around the s t ing .  

!Tunnel-Wall Interference 

The effectiveness of the perforations i n  the wind-tunnel t e s t  section 
i n  preventing choking and in  absorbing ref lected disturbances a t  low super- 
sonic speeds has been established experimentally. 
the wind-tunnel calibration indicate tha t  re l iab le  data can be obtained 
throughout the Mach nuqber range of  the tunnel i f  certain res t r ic t ions  
are  imposed on the model s i ze  and a t t i t ude .  The configurations used i n  the 
present investigation were somewhat la rger  than a re  normally tes ted i n  t h i s  
fac i l i ty ;  however, shadowgraph observations of  the flow around the models 
substantiated the fac t  t ha t  no choking o r  ref lected disturbances were 
present fo r  the t e s t  conditions reported herein. 

Unpublished data from 

RESULTS 

The results of the measurements are  presented i n  figures 4 through 8. 
Figure 4 shows the longitudinal aerodynamic character is t ics  of the basic 
disks. The thinner disk had a considerably lower minimm drag, l e s s  drag 
due t o  lift, and a considerably greater  l i f t -curve slope than the thicker 
disk.  
the slope of the pitching-moment curve f o r  both models had a posit ive value 
a t  low l i f t  coefficients and decreased t o  zero a t  higher l i f t  coefficients.  

With the center of moments 0-4 diameter af t  of the leading edge, 

The aerodynamic character is t ics  of the  complete models with canopy, 
ve r t i ca l  surfaces, and horizontal-control surfaces having an area of 
25 percent of the basic disk area a re  compared i n  figure 5 .  The thinner 
disk had a considerably lower minimum drag, l e s s  drag due t o  l i f t ,  and a 
greater  l if t-curve slope. 
leading edge, the  pitching-moment curve had a s table  slope and the nega- 
t i v e  camber introduced i n  the thinner model provided balanced pitching 
moments at a CL of o .L for  a control deflection of oO. In conparison 
with the basic disk data of figure 4, the horizontal-control surfaces, 
ve r t i ca l  surfaces, and canopy provided an increment of dCm/dCr, of 
about -0 .l5. 

With the moment center 0.4 diameter a f t  of the 
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A comparison of the character is t ics  of the thinner disk w i t h  
horizontal-control surfaces of two different  s izes  is presented i n  figure 
6 .  The major item of significance is tha t  the aerodynamic center with 
the larger  f laps  was  about 3 percent of the diameter fa r ther  a f t  than w i t h  
the smaller f l aps .  

The aerodynamic character is t ics  of the thinner model f o r  several 
deflections of the smaller horizontal-control surfaces are  presented i n  
figure 7, and similar data fo r  the thicker model with the  la rger  
horizontal-control surfaces are  presented i n  figure 8.  The effectiveness 
of the controls i n  providing pitching moment a t  a constant angle of 
a t tack w a s  nearly l i nea r  fo r  control deflections between +5O and -loo and 
was about the same f o r  both models. The smaller controls on the th in  
model provided balanced pitching moments t o  higher lift coefficients for  
a given control deflection than did the larger  f laps  on the thick model. 
This is primarily the resu l t  of having camber i n  the thinner model and 
also the s d l e r  margin of s t a t i c  s t a b i l i t y  obtained with the smaller 
f l aps .  

The yawing-moment, rolling-moment, and side-force coefficients as a 
function of angle of s idesl ip  fo r  the various arrangements tes ted a re  
presented i n  the (b) par ts  of f igures 5 through 8. A s  noted i n  figures 
7(b) and 8(b) ,  the ve r t i ca l  surfaces contributed a large degree of direc- 
t i ona l  s t a b i l i t y  which was not great ly  affected by increasing the angle 
of a t tack from 0' t o  5'. The effective dihedral -dC2/dj3 was increased 
by increasing the angle of a t tack from Oo t o  5'. 
direct ional  character is t ics  were evident. 

No adverse l a t e ra l -  

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field, C a l i f . ,  Apr. 7, 1961 
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TABU 1.- COORDINATES OF SURFACE OF MODEZS 
[All dimensions in inches] 

0 
1.00 
2.00 

4 .OO 
3 .oo 

5 .oo 
6 .oo 
7 .oo 
7 *50 
8 .oo 
8.50 
9 ,oo 
9-50 - 

;/d = 0,325 

+a 
3 *go 
3 *89 
3.84 
3 978 
3.68 
3 *54 
3.38 
3 e 1 7  
3 .Oh 
2*91 
2*75 
2.58 
2,38 

4- 

- _ -  
tjd= 0.225 - 
Yb 

2,09 
2 -07 
2.03 
1.98 
1,91 
1.82 
1.71 
1-64 
1.56 
1.48 
1-39 
1.28 

- 
2 110 

- 

- 
-% 
3 =30 
3 *29 
3 *25 
3.20 
3.11 
3 -00 
2.86 
2.68 
2.58 
2.46 
2.33 
2.18 
2.02 

- 

- 

- 
r 

10 * 00 
10.50 
10 -75 
11.00 
1-1.25 
u.50 
u.60 
11.70 
11.80 
11.90 
u-95 
12.00 

- 

- 

;/a = 0.325 
+ -Ya 
2.16 
1.89 
1-73 
1.56 
1.36 
1.11 
1.00 
=87 
71 

-50 
.36 

0 

t /d = 0,225 
7 

Jrb 
1.16 
1.02 
93 
.84 
73 
-60 
8 54 
* 47 - 38 
127 
19 

- 

0 

- 

- 
-a 
1.82 
1.60 

1.32 
1-15 
-94 
-84 
873 
.60 
42 

.30 

- 

1.47 

0 

- 
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(a) t / d  = 0.225 

Figure 1.- Dimensional drawings of models. 
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(a) t/d = 0 *225 

Figure 2.- Photographs of models. 
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(b) t/a = 0.323 

Figure 2 .- Concluded 

A-27282 
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I I f 

Plan 

X Y 
0 O +  0.1 -0.29 

0.5 0.44 
1.0 0.69 
2.0 1.w 
3.0 1.38 
4.3 1.50 

6.5 1.10 
6.8 0.82 
7.0 o 

5.0 1.47 
6.0 1.31 

Profile 

X Z 

0 0 
1.0 0.58 
2.0 1.04 
3.0 1.36 
4.3 1.50 
5.0 1.36 
6.0 0.85 
7.0 0 

Sect .  A 
Y z 

0 0.81. 
0.2 .80 
*3 .79 
.4 -76 
.5 .73 
.6 .68 
.7 .59 
-8 -47 
.9 0 

Sect .  C 

Y Z 

0 0.49 
0.2 .49 
.4 .48 
.5 .47 
.6 .46 
.7 .44 
.8 .41 
.9 - 36 

1.0 .26 
1.1 0 

Figure 3 .- Canopy detai ls .  
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Figure 4.- Static longitudinal. aerodynamic characteristics of the basic disks.  



(a) Static longitudinal characteristics. 

Figure 5 .- Aerodynamic characteristics of the complete models (25-percent-area 
horizontal-control surfaces undeflected) . 
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(b) Static lateral-directional. characteristics, a = 0 .  

Figure 5. - Concluded. 
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(a) Static longitudinal characteristics. 

Figure 6.- Effect of horizontal-control-surface area on the aerodynamic characteristics of the 
model with thickness-diameter ratio of 0.225.  
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(b) Static lateral-directional characteristics, a = 0. 

Figure 6 . - Concluded. 
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(a) Static longitudinal characteristics. 

Figure 7.- Effect of horizontal-control surface deflection on the aerodynamic characteristics 
of the model with thickness-diameter ratio of 0.225 
surfaces) 
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(b) Sta t ic  la te ra l -d i rec t iond  character is t ics .  

Figure 7 .  - Concluded (. 
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(a) Static longitudinal characteristics. 

Figure 8.- Effect of horizontal-control surface deflection on the aerodynamic characteristics 
of the model with thickness-diameter ratio of 0.325 
surfaces). 

(25-percent-area horizontal-control 
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